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ADMINISTRATION OF HEPARIN*
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The values for serum cholesterol and phospholipids are increased in both
primary hypercholesteremic xanthomatosis and idiopathic hyperlipemia (1).
In idiopathic hyperlipemia there is, in addition, an elevation of the neutral fat
which gives the serum a milky appearance. In contrast, the serum in patients
with primary hypercholesteremic xanthomatosis is clear.
Analysis of the plasma proteins by moving boundary electrophoresis, previ-
ously reported from this laboratory (2), showed an elevation either of the alpha-2
globulin peak alone or of both the alpha-2 and beta-i globulin peaks in idio-
pathic hyperlipemia; whereas in primary hypercholesteremic xanthomatosis
only the beta-i globulin peak was increased. Fractionation of the plasma pro-
teins revealed that the increase in size of the beta-i globulin peak in primary
hypercholesteremic xanthomatosis and of the alpha-2 and beta-i globulin peaks
in idiopathic hyperlipemia was due to an elevation of the beta lipoproteins (2).
The parenteral administration of heparin had an effect on the serum lipopro-
teins in both diseases. A single intravenous injection of heparin caused a decrease
in the elevated cholesterol values in primary hypercholesteremic xanthomatosis;
and in the elevated values for cholesterol, phospholipids, and neutral fat in
idiopathic hyperlipemia (3, 4). Moving boundary electrophoresis revealed that
the injection of heparin resulted in an increase in the speed of electrophoretic
migration of some of the lipoproteins: In primary hypercholesteremic xantho-
matosis the beta lipoproteins migrated with the speed of either alpha-2 globulin,
alpha-i globulin, or albumin; while in idiopathic hyperlipemia some of the
lip oproteins migrated faster even than albumin (3, 4).
Because of the decrease in the elevated lipid values after a single injection of
heparin five patients with idiopathic hyperlipemia have received prolonged
treatment with heparin. The effects of this treatment on the lipid values are be-
ing reported elsewhere (5, 6).
This communication reports analyses by moving boundary as well as paper
electrophoresis in 9 patients with idiopathic hyperlipemia and 4 patients with
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primary hypercholesteremic xanthomatosis before, during and after the ad-
ministration of heparin.*
METHODS
Moving boundary electrophoresis was carried out in a Perkin-Elmer Tiselius
electrophoresis apparatus, Model 38. A barbital-citrate buffer of pH 8.6 and
ionic strength of 0.1 was used. Prior to electrophoretic analysis the serum was
dialyzed in this buffer and then diluted with the buffer to a protein concentra-
tion of 2 Gm. per 100 ml. (7).
Paper electrophoresis was carried out according to the method of Grassman
and Hannig (8) at 110 volts for a period of 14 hours in a room at a constant tem-
perature. A sodium barbital-acetate buffer of pH 8.6 and ionic strength of 0.1
was used. Serum in the amount of 0.02—0.03 ml. was placed on two horizontal
free-hanging paper strips (Whatman No. 1, 40 x 4 cm.) and subjected to electro-
phoretic separation under identical conditions in the same electrophoresis cham-
ber. Thereafter, one of the two paper strips was dried at 100 C. and stained with
Amido Black 10 B for the demonstration of the proteins (8). The second paper
strip was dried at 37 C. and stained with Sudan Black B for the demonstration
of the lipids, according to the technique of Swahn (9, 10). For the purpose of
calculating the relative concentration of the various protein fractions another
electrophoretic run was made, placing only 0.006—0.008 ml. of serum on the filter
paper. This paper strip was stained for proteins and then, in order to make it
transparent was immersed for half an hour in a mixture of alpha-bromnaph-
thalene and paraffin oil. Thereafter, it was placed between two glass plates in the
frame of the densitometer and moved stepwise across the slit for direct measure-
ment of the optical density of the dyed paper. The optical density was plotted
against the distance of migration. Thus a diagram was obtained which was an-
alyzed by planimetry.
Turbidity was determined, as described in a previous communication (1), on
plasma obtained from blood to which a small amount of heparin powder had
been added.
Total protein, cholesterol, phospholipids, fatty acids, and neutral fat were
determined as described earlier (1).
RESULTS
Idiopathic hyperlipemia
Moving boundary electrophoresis. A. Fasting State. Because of the high tur-
bidity of the sera a complete pattern could be obtained in only one of our 9 pa-
tients with idiopathic hyperlipemia. This patient, R. S., had the lowest lipid
values and the lowest turbidity of all 9 cases. His moving boundary pattern
showed a moderate elevation of the beta-i globulin peak and a slight elevation
of the alpha-2 peak (Table 1). In the other 8 patients parts of the electrophoretic
* The heparin used in this study was supplied through the courtesy of Dr. Joseph P.
Webb, The Upjohn Co., Kalamazoo, Michigan.
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FIG. 1. Electrophoretic patterns obtained by moving boundary electrophoresis (cylin-
drical lens) in a fasting normal person (upper row) and in a patient with idiopathic hyper-
lipemia (lower row). In the patient with idiopathic hyperlipemia on the ascending pattern
only the albumin peak, the alpha-i peak and a part of the alpha-2 peak can be seen, while
on the descending pattern only the gamma globulin peak, the beta-2 peak and a part of the
beta-I globulin peak can be seen. This suggests that in this case the chylomicra migrate
with the speed of alpha-2 and beta-i globulin.
patterns were obscured. (Fig. 1). The degree to which the patterns were obscured
varied. In sera with less pronounced turbidity, the albumin, the alpha-i and
alpha-2 globulin peaks, and a part of the beta-i globulin peak were visible on
the ascending pattern; and the gamma and beta-2 globulin peaks and a part of
the beta-i globulin peak on the descending pattern. This observation suggested
that the chylomicra, which largely cause the turbidity of the serum, in these
cases migrated with the speed of beta-i globulin. In sera with greater turbidity
the chylomicra migrated with the speed not only of beta-i but also of alpha-2
globulins. And in the sera \vith the highest degree of turbidity the chylomicra
moved with the speed of albumin as well as alpha-2, alpha-2, and beta-i globu-
lin.
B. Effect of Heparin. In the one patient, R. S., whose serum allowed adequate
electrophoretic analysis before and after the administration of heparin a single
intravenous injection of 100 mg. had the following effects (Fig. 2): Within fifteen
minutes there was a decrease of the alpha-2 globulins from 13.1 per cent to 5.6
qOVING BOUNDARY ELECTROPHORESIS
NORMAL INDIVIDUAL
ASCENDING DESCENDING
MOVING BOUNDARY ELECTROPHORESIS
IDIOPATHIC HYPERLIPEMIA
ASCENDING DESCENDING
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FIG. 2. Patterns obtained by moving boundary electrophoresis (scanning method) in a
patient (R. S.) with idiopathic hyperlipemia in a fasting state (upper row) and fifteen
minutes after the intravenous injection of 100 mg. of heparin (lower rosy). In the fasting
state the beta-i globulin is moderately elevated and the alpha-2 globulin slightly elevated.
After the injection of heparin the beta-i globulin has decreased to a subnormal value and a
new peak (PA, pre-albumin component) has appeared ahead of the albumin.
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per cent and of the beta-i globulins from 26.9 per cent to 8.6 per cent (Table
1). The values for albumin increased from 32.8 per cent to 40.8 per cent and a
new peak (pre-albumin component) appeared ahead of the albumin comprising
15.2 per cent of the total protein concentration. On the ascending pattern this
pre-albumin component was well-separated from the albumin peak, while on
the descending pattern it formed a shoulder on the albumin peak. In the other
8 patients not sufficient clearing occurred to enable one to calculate the pat-
terns. However, all but one patient (who had the highest lipid values) showed
a pre-albumin component on the ascending pattern, while on the descending
pattern it was obscured by turbidity. In the one patient who showed no pre-
albumin component by moving boundary electrophoresis such a component
was present, however, in patterns obtained by paper electrophoresis.
Five of the 9 patients with idiopathic hyperlipemia received prolonged ad-
ministration of heparin, but the effect of this on the patterns obtained by moving
boundary electrophoresis could be evaluated in only 2 patients, R. S. and MI. C.,
because in the other 3 patients the serum remained too turbid for calculation.
In Patient H. S. in whom the electrophoretic patterns could be calculated even
before the administration of heparin it was noted that during the long-term ad-
ministration of heparin the response of the electrophoretic pattern and that of
the serum lipids differed. The lipid values decreased gradually to normal values
in the course of several months (Table 1), while the electrophoretic pattern
remained the same from the time after the first injection of heparin to the end
of the treatment, showing consistently a subnormal value for beta-i globulin
and a pre-albumin component. The electrophoretic changes did not persist for
long. Forty-eight hours after the last of many intramuscular injections of 200
mg. of Depo-Heparin only slight effects of heparin on the electrophoretic pattern
remained. An additional intravenous injection of 100 mg. of heparin, however,
again intensified these effects (Table 1).
The second patient, M. C., received daily for sixteen hours intravenous in-
fusions of 200 mg. of heparin. After one week the turbidity of the serum had de-
creased to such an extent that a complete electrophoretic pattern could be ob-
tained. It showed, as a typical heparin effect, a subnormal value for beta-i
globulin and a pre-albumin component. Parts of ascending and descending pat-
terns still were somewhat obscured, however, on account of the presence of
chylomicra. From the extent to which the patterns were obscured could be con-
cluded that the chylomicra which had migrated with the speed of alpha-2 and
beta-i globulin before the prolonged administration of heparin moved with the
speed of beta-i globulin only after the administration of heparin.
In the other 3 patients prolonged treatment with heparin resulted in no change
in the speed of migration of the chylomicra.
Paper Eleetrophoresis: A. Fasting State. in contrast to moving boundary
electrophoresis, paper electrophoresis resulted in perfect patterns in all patients
with idiopathic hyperlipemia in spite of the milkiness of the sera, because in
paper electrophoresis the patterns are not obtained by optical methods.
Calculation of the paper strips stained for proteins showed a slightly greater
than normal staining intensity of the beta globulin band in all nine cases (Fig. 3).
IDIOPATHIC HYPERUPEMIA
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FIG. 3. Pattern obtained by paper eleetrophoresis and staining for proteins in a patient
with idiopathic hyperlipemia (R. S.) (lower part of figure). Direct measurement of the
optical density (upper part of figure) of the stained protein fractions revealed a slight
elevation of the beta globulin to 13 per cent of the total protein. (Normal average value:
ii per cent.)
The paper strips stained for lipids showed two deviations from normal. In
normal sera (Fig. 4) one observes one intensely stained lipid band in the beta
globulin area, corresponding to the beta lipoproteins, and a second, less in-
tensely stained band in the alpha-i globulin area, corresponding to the alpha
lipoproteins and usually migrating slightly faster than the alpha-i globulin in
the protein-stained paper strip. In idiopathic hyperlipemia (Fig. 5) the amount
of lipids in the beta lipoprotein band was found to be increased and, further-
more, the beta lipoprotein band showed a densely stained trail extending back
to the starting line. This trail was due mainly to the chylomicra, which show
very little mobility in paper electrophoresis in contrast to moving boundary
electrophoresis, because of an interaction of these large-sized particles with the
filter paper. That the trail of the beta lipoprotein band contained but little pro-
tein could be deduced from the fact that there was no corresponding area of
staining on the protein-stained paper strip (Fig. 5). The staining intensity of
the trail could be reduced considerably if paper electrophoresis was carried out
after the serum had been stored in a refrigerator for about three days and the
creamy layer, which had floated to the top of the test tube, had been removed.
The staining intensity of the alpha and beta lipoprotein bands, on the other-
hand, was not influenced by this procedure.
B. Effects of Heparin. The paper strips stained for protein showed in all 9
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patients after a single injection as well as in the 5 patients who had received pro-
longed administration of heparin a small amount of protein migrating ahead of
the albumin band (Fig. 6). Otherwise no changes took place except in patient
R. S. in whom after nine months of treatment the slightly increased value for
beta globulin had returned to normal, concomitant with a decrease of the lipid
values to normal.
The paper strips stained for lipids presented considerable changes in all 9
patients after they had received either a single injection or prolonged adminis-
tration of heparin (Fig. 6). The trail of the beta lipoprotein band, due mainly
to the chylomicra, became less intensely stained. The beta lipoprotein band
moved with increased speed, namely \vith that of alpha-2 or alpha-i globulin,
or with a speed intermediary between that of albumin and alpha-i globulin.
Furthermore, the alpha lipoproteins migrated ahead of the albumin as a pre-
albumin component and formed a much broader band than before the injection
of heparin. Since the protein-stained paper strip also showed some material
migrating ahead of the albumin band it could be concluded that the pre-al-
bumin component contained protein as well as lipid. However, the amount of
protein was small in comparison with the amount of lipid and was, as a matter
of fact, so small that it could not be detected on the paper strips prepared for
calculation of the protein fractions since only 0.006-0.008 ml. rather than 0.02—
0.03 ml. had been applied to them. The electrophoretic changes produced by
heparin persisted for about 16 hours when 100 mg. of heparin were injected
intravenously, for about 24 hours when 100 mg. of heparin in aqueous solution
were injected intramuscularly, and for about 48 hours when 200 mg. of Depo-
Heparin were injected intramuscularly.
Patient II. S. at the end of the heparin treatment had normal lipid values and
a clear serum. There no longer was a trail of the beta lipoprotein band due to
chylomicra, and the beta lipoprotein band had a normal staining intensity.
FIG. 4. Patterns Gbtained by paper electrophoresis in a normal fasting person. The
upper paper strip (L) is stained for lipids and the lower one (P) for proteins. Two lipid
bands are present on the lipid stained paper strip. The more intensely stained band, present
in the heta globulin area, represents the beta lipoproteins. The less intensely stained band,
present in the alpha globulin area, represents the alpha lipoproteins.
Flo. 5. Patterns obtained by paper electrophoresis in a patient with idiopathic hyper-
lipemia. The upper paper strip (L) is stained for lipids and the lower one (P) for proteins.
The amount of lipid present in the alpha-i globulin area (alpha lipoproteins) is normal,
while the amount of lipids present in the beta globulin area (beta lipoproteins) is increased.
The beta lipoprotein band shows a densely stained trail extending back to the starting line.
This trail is dne mainly to chylomicra.
FIG. 6. Patterns obtained by paper electrophoresis in a patient with idiopathic hyper-
lipemia fifteen minutes after an intravenons injection of 100 mg. of hoparin. On the lipid
stained paper strip (L) the trail of the beta lipoprotein band, due mainly to chylomicra, is
still present bnt it shows much less intensity of staining than before the injection of hop-
arm (see Fig. 5). The beta lipoprotein band has increased its electrophoretic mobility so
that it moves with the speed of alpha-i globnlin; and the alpha lipoprotein band moves
faster even than albumin as a pre-albumin component (Pr.A.). The protein stained paper
strip (P) also shows a small amount of protein migrating ahead of albumin (Pr.A.).
aAG&43(
b C
516 THE JOIJENAL OF INVESTIGATIVE DERMATOLOGY
Fja. 7. Ascending patterns obtained by moving boundary electrophoresis (scanning
method) in a patient with primary hypercholesteremic xanthomatosis. In the fasting state
(a) there is a moderate elevation of tbe beta-i globulins (see Table 2, determination 1).
Fifteen minutes after an intravenous injection of 100 mg. of beparin (b) tbere is a decrease
of the beta-i globulins to a subnormal value and an increase of the alpba-2 globulins (see
Table 2, determination 2). One hour after the injection of heparin (c) tbe patteru has re-
turned to its pre-heparin appearance (see Table 2, determination 3).
Primary hypercholesteremic zanthomatosis
Moving boundary electrophoresis. A. Fasting State. Analysis of the serum of 4
patients with primary hypercholesteremic xanthomatosis showed, as previously
reported in such patients (2), a moderate elevation of the beta globulins (Fig.
7a).
B. Effects of Heparin. Intravenous injection of 100 mg. of heparin caused in 2
patients no changes. The other 2 patients showed within fifteen minutes a de-
crease of the beta-i globulin to a subnormal value and an increase in the alpha-2
globulin (Fig. 7b). However, within one hour after the injection the electro-
phoretic pattern had returned to its pre-heparin appearance (Fig. 7c). One
patient received daily injections of Depo-Heparin for three months. During this
period no significant changes in the electrophoretic pattern occurred and there
never was any heparin effect due to the fact that the samples for analysis always
were taken on the day following the last injection. Furthermore, on chemical
analysis, the lipid values remained unchanged (Table 2).
Paper electrophoresis. A. Fasting State. Analysis of the serum by paper elec-
trophoresis and subsequent staining for protein showed in all 4 patients a slight
elevation of the beta globulin (Fig. 5).
The lipid stained paper strip showed in all 4 patients a normal alpha lipopro-
tein band, while the intensity of the beta lipoprotein band was greater than
normal (Fig. 5). In accordance with the fact that the serum of patients with
primary hypercholesteremic xanthomatosis is always clear, there was no trail of
the beta lipoprotein band.
B. Effects of Heparin. The paper strips stained for protein showed no changes
fifteen minutes after a single intravenous injection of 100 mg. of heparin. Simi-
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TABLE 2
Effects of heparin on the serum proteins and lipids of a patient with primary
hypercholesteremic xanthomatosis
ate State of Serum
Normal range
Low
High
Normalaverage
Total
Pro-
Im.
6.80
7.80
7.30
Relative Electrophoretic Values in
Per Cent of Total Protein
(Moving Boundary Electrophoresis)
"T
bi1lity
TT
1.9
4.5
2.6
Cho- P-
les- lipidsterol mg./
mg./100 ml. ml.
160 160
290 310
208 240
Fatty
'/1
1 •
190
450
300
Neu-
tral
Fat
mg.
100 ml.
0
400
180
A
45.0
57.0
54.0
-l
4.0
8.0
5.0
-2
6.0
12.0
9.0
3-1 13-2
10.0 6.0
15000.0
13.0 8.0
y
7.0
15.0
11.0
March 8,
1954
April20,
1954
May 10,
1954
June 14,
1954
Native state
15' after 100mg
ofheparin iv.
60'afterlOomg
of heparin iv.
SinceMarchl5,
1954 200 mg of
Depoheparin
i.m. daily
8.13
8.45
8.13
7.74
8.01
8.19
42.1
41.5
42.2
45.2
47.4
47.4
5.9
7.1
6.6
9.9
5.7
6.7
13.1
22.9
11.9
10.9
9.5
7.5
21.0 3.5
7.9 10.5
19.1 10.0
17.4 3.1
20.4 2.8
20.5 7.4
14.3
10.0
10.4
14.0
14.2
11.1
5.0
2.8
2.4
3.7
2.7
2.5
505
480
445
505
520
595
310
300
285
302
273
365
435
407
366
470
487
559
3
0
0
62
23
43
FIG. 8. Patterns obtained by paper electrophoresis in a patient with primary hyper-
cholesteremic xanthomatosis. The upper paper strip (L) is stained for lipids and the lower
one (P) for proteins. The amount of lipid in the alpha lipoprotein band is normal, while
the beta lipoprotein band shows an increased amount of lipid. There is no trail of the beta
lipoprotein band, due to chylomicra, as in idiopathic hyperlipemia in accordance with the
fact that in primary hypercholesteremic xanthomatosis the serum is clear.
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larly, no changes were noted at any time in the one patient who received injec-
tions of heparin for three months.
The paper strips stained for lipids, on the other hand, showed in 2 of the 4
patients fifteen minutes after a single intravenous injection of heparin a slight
increase in the mobility of the beta lipoprotein band, so that it moved with a
mobility intermediary between beta-i and alpha-2 globulin. The alpha lipopro-
tein band, however, showed no change in mobility. Within one hour after the intra-
venous injection of heparin the mobility of the beta lipoprotein band had re-
turned to that of the pre-heparin pattern. In the one of the 4 patients who received
prolonged treatment of heparin no changes in the electrophoretic mobility of the
alpha or beta lipoprotein band could be demonstrated at anytime, since the
samples for analysis always were taken on the da following thelast injection.
CONTROL OBSERVATIONS
Individuals in a fasting state. It had been previously reported that in fasting
normal individuals an injection of 50 mg. of heparin given intravenously caused
no changes in the electrophoretic patterns whether obtained by moving boundary
or paper electrophoresis (11). Additional studies by paper electrophoresis carried
out on six fasting normal individuals showed that even 100 mg. of heparin caused
no changes in the mobility of the alpha and beta lipoprotein bands.
Alimentary hyperlipemia. As in a previous study (11), three normal persons
received a fat rich meal, consisting of 480 ml. of heavy cream, 32 Gm. of sugar
and 16 Gm. of cocoa. Four and one-half hours after the meal 100 mg. of heparin
were injected intravenously. Blood was withdrawn one hour after the injection
of the heparin and the serum was analyzed by paper electrophoresis. The effects
of heparin on the electrophoretic pattern were the same as in patients with
idiopathic hyperlipemia. A pre-albumin component was observed on the protein-
stained as well as on the lipid-stained paper strip. This is in contrast to the report
in our earlier communication (11), where we could not find a pre-albumin com-
ponent on the protein stained paper strips due to the fact that not 100 mg. but
only 50 mg. of heparin had been injected.
Hyperlipemia due to nephrosis. Three patients with hyperlipemia due to
nephrosis showed the same electrophoretic changes 15 minutes after an intra-
venous injection of 50 mg. of heparin as the patients with idiopathic hyper-
lipemia and the normal subj ects during alimentary hyperlipemia, namely an
increase in the mobility of the alpha and beta lipoprotein bands with the ap-
pearance of a pre-albumin component on the lipid-stained as well as the protein-
stained paper strips.
DISCUSSION
Cholesterol, phospholipids, and neutral fat do not occur as separate entities
in the serum, but are bound to protein as lipoproteins. These lipoproteins have
been divided into alpha and beta lipoproteins according to their different dcc-
trophoretic mobilities. The alpha and beta lipoproteins differ, however, not
only in their electrophoretic mobilities but also in their solubility characteristics
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(12), their chemical composition and their density. Owing to their different
densities they can be separated by ultracentrifugation into the high density
lipoproteins, or aipha-lipoproteins, and the low density lipoproteins, or beta
lipoproteins (13, 14). The low density lipoproteins, or beta lipoproteins, can be
subdivided into several species which because of differences in their densities
undergo flotation at different rates. Their flotation rates are expressed in Sved-
berg flotation units, for brevity called S1 units (15). Chemical analysis of the
beta lipoproteins has shown that all contain cholesterol, phospholipids, and
proteins. While beta lipoproteins with an S value below 17 virtually contain no
neutral fat, those with higher S1 values contain increasing amounts of neutral
fat (16). The particles with the highest flotation rates (above S1 400) are not
lipoproteins in a strict sense but are large aggregates, called chylomicra. They
contain large amounts of neutral fat, some cholesterol and phospholipids but
only small amounts of protein (16). Our studies by fractionation (2, 5), and paper
electrophoresis have shown that only the beta lipoproteins are elevated in pa-
tients with idiopathic hyperlipemia and primary hypercholesteremic xanthoma-
tosis, while the alpha lipoproteins, are present in normal amounts.
Our ultracentrifugal analyses of the beta lipoproteins (6) have demonstrated a
great increase in the beta lipoproteins with high S values, above 100, in patients
with idiopathic hyperlipemia; and occasionally an increase in the beta lipopro-
teins with low (51 1—20) and intermediate (S1 30—70) values in patients with
primary hypercholesteremic xanthomatosis. Since the lipoproteins of the low
(S1 1—20) and intermediate (S1 30—70) classes contain large quantities of phos-
pholipids and cholesterol but only very small amounts of neutral fat, one finds
in primary hypercholesteremic xanthomatosis an elevation only of the values for
cholesterol and phospholipids while those for neutral fat are normal. On the
other hand, since lipoproteins with high S1 values contain a large proportion
of neutral fat one finds in idiopathic hyperlipemia an elevation not only of
cholesterol and phospholipids but also of neutral fat.
Chylom'icra and turbidity. Our studies with moving boundary electrophoresis
have demonstrated that the chylomicra in idiopathic hyperlipemia and alimentary
hyperlipemia show an electrophoretic mobility, a fact already observed in 1938
by Elkes, Frazer, and Stewart (17) in a special micro-electrophoresis cell under
dark-ground illumination. Whereas the chylomicra in alimentary hyperlipemia
move with the speed of alpha-2 globulin only (10, ii, 18) one observes in idio-
pathic hyperlipemia chylomicra with different mobilities, those of beta-i, alpha-2,
alpha-i globulin, and albumin. Similar observations were made by Swahn (10)
who could remove by high speed centrifugation only chylomicra having a
mobility of alpha-2 globulin, while those with the mobility of beta-i globulin
remained in the serum after centrifugation. Carlson and Olhagen (19) using elec-
trophoresis in a starch medium in which there is, in contrast to paper electro-
phoresis, no appreciable absorption of chylomicra also found chylomicra with
different electrophoretic mobilities. In the one case of idiopathic hyperlipemia
which they studied some chylomicra moved with the speed of beta globulin and
ethers with the speed of alpha globulin.
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Comparison of paper electrophoresis with moving boundary electrophoresis. The
combined use of moving boundary electrophoresis and paper electrophoresis
with subsequent staining of the paper strips for proteins and lipids was of great
advantage in studying the effects of heparin. First of all, in most cases of idio-
pathic hyperlipemia it was impossible to obtain complete patterns by moving
boundary electrophoresis, because of the high turbidity of the serum, while
paper electrophoresis resulted in perfect patterns. Second, paper electrophoresis
gave additional information about the chemical composition of the separated
fractions. Third, paper electrophoresis elucidated the electrophoretic changes
induced by the injection of heparin into persons in a hyperlipemic state about
which moving boundary electrophoresis had given inadequate information.
Since analysis by moving boundary electrophoresis after an injection of heparin
showed a reduction of the values for alpha-2 and beta-i globulin to subnormal
values and a new peak ahead of albumin we had assumed that heparin in-
creased the electrophoretic mobility of the beta lipoproteins to such an extent,
that they moved now ahead of albumin (3). Paper electrophoresis, however,
showed that the electrophoretic changes were due to an increase in the elec-
trophoretic mobility of both the alpha lipoproteins and beta lipoproteins, and
that the pre-albumin component was composed of the alpha lipoproteins. In a
future communication (20) it will be shown by fractionation of the plasma pro-
teins, and by preparative ultracentrifugation with subsequent paper electro-
phoresis that the pre-albumin component has the characteristics of an alpha
lipoprotein.
Action of heparin. The electrophoretic changes observed by us in idiopathic
hyperlipemia after an injection of heparin were not specific for this disease since
we could produce identical changes in alimentary hyperlipemia and in hyper-
lipemia due to nephrosis. The effect of heparin on the electrophoretic pattern in
primary hypercholesteremic xanthomatosis, however, differed from that ob-
served in hyperlipemia. In the first place, only the beta lipoproteins showed an
increase in electrophoretic mobility, while the alpha lipoproteins were not af-
fected, so that no pre-albumin component appeared. Also, the change in the
beta lipoproteins was not constantly present since we observed it only in 7 of the
9 patients with primary hypercholesteremic xanthomatosis reported here and
in a previous communication (3). Furthermore, the change in the beta lipopro-
teins persisted for a shorter time than the changes in hyperlipemia and had
disappeared one hour after an intravenous injection of heparin while the changes
in hyperlipemia persisted for about sixteen hours. Sera with normal lipid values
did not show any changes following the injection of heparin. It appears, there-
fore, that the electrophoretic changes which heparin produces depend on an
elevation of chylomicra and of lipoproteins with high (above Sf 100) and inter-
mediate (S 30—70) flotation values. This is in agreement with studies by Nichols,
Rubin, and Lindgren (21) who added in vivo heparinized plasma to egg yolk
lipoprotein preparations and found solubility changes of the egg yolk lipoprotein
preparation only when they added plasma containing lipoproteins with high S1
values.
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The different effects of heparin on the lipoproteins in hyperlipemia and hyper-
cholesteremia raises the question of the mode of action of heparin on lipoproteins,
especially their electrophoretic mobility. It is known (22, 23) that heparin, after
its injection with the aid of a tissue factor, produces a so-called "clearing factor"
in the plasma. This clearing factor causes a transformation of beta lipoproteins
from higher S1 rates to those of lower S rates and thus a decrease in turbidity
(6, 24).
The electrophoretic changes cannot be explained as the result of a combination
of heparin with lipoproteins since the concentration of heparin in the serum is
far too low to produce such changes (25, 26) and no changes occur in normal
fasting individuals. It seems more likely that products released by the action
of the heparin-induced clearing factor cause these electrophoretic changes. Shore,
Nichols and Freeman (27) have shown that the clearing factor causes a release of
fatty acids from lipoproteins with high S values. Recently, Gordon (28) re-
ported that he was able to induce an increase in the electrophoretic mobility
of the alpha and beta lipoproteins in normal serum by the addition in vitro of
oleate. The order of affinity of oleate was found to be in decreasing order from
albumin to beta lipoprotein to alpha lipoprotein. If we assume that the increase
in electrophoretic mobility of the alpha and beta lipoproteins after an injection
of heparin is due to the binding of fatty acids by these lipoproteins several
findings in our study would find an explanation. Fasting normal persons and a
few patients with primary hypercholesteremic xanthomatosis show no electro-
phoretic changes after heparin, because their serum does not contain enough
lipoproteins with high S classes which could serve as a source for fatty acids.
Most patients with primary hypercholesteremic xanthomatosis show electro-
phoretic changes; but they consist of an increase in the mobility of the beta
lipoproteins only, because the amount of fatty acids available for release by the
action of heparin is relatively small. Thus, fatty acids are bound only to the beta
lipoproteins which have a higher affinity for them than the alpha lipoproteins. In
patients with hyperlipemia, however, there are enough lipoproteins with high S1
values, which can serve as a source of fatty acids to cause an increase in the
mobility of both the beta and alpha lipoproteins.
We found that normal sera when stored at room temperature or in a refrigera-
tor for several weeks, as a result of aging, show similar electrophoretic changes as
hyperlipemic sera, namely an increase in the mobility of both the alpha and beta
lipoprotein bands, when studied by paper electrophoresis. Similarly, loch and
Chanutin (29) found by moving boundary electrophoresis in aged scm an in-
crease in the mobility of the beta globulin, which they attributed to an increase
in the mobility of the beta lipoproteins. Whether these increased mobilities are
based on the same mechanism as the one by which heparin causes the electro-
phoretic changes, remains to be proven.
SUMMARY
1. In idiopathic hyperlipemia moving boundary electrophoresis showed that
the chylomicra which largely cause the turbidity of the serum have different
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electrophoretic mobilities corresponding to those of beta-i globulin, alpha-2
globulin, alpha-i globulin and albumin.
2. Moving boundary electrophoresis in idiopathic hyperlipemia, after an in-
jection of heparin, showed a decrease of the alpha-2 and beta-i peaks to sub-
normal values and the appearance of a pre-albumin component. Paper
electrophoresis showed that these changes were due to an increase in the elec-
trophoretic mobility of both the alpha and beta lipoproteins and that the pre-
albumin component represented the alpha lipoproteins.
3. The same electrophoretic changes occurring after an injection of heparin
as seen in idiopathic hyperlipemia were observed in normal persons with alimen-
tary hyperlipemia and in patients with hyperlipemia due to nephrosis.
4. Moving boundary electrophoresis in primary hypercholesteremic xantho-
matosis, after an injection of heparin, showed in 2 of 4 patients no changes from
the pre-heparin pattern and in 2 patients a decrease of the beta-i globulin peak
and an increase of the alpha-2 globulin peak. Paper electrophoresis showed that
these changes were due to an increase in the electrophoretic mobility of the beta
lipoproteins; whereas the alpha lipoproteins showed no changes in their mobility.
5. The electrophoretic changes produced by a single intravenous injection of
heparin persisted much longer in idiopathic hyperlipemia than in primary
hypercholesteremic xanthomatosis; about 16 hours in the former, and less than I
hour in the latter.
6. No electrophoretic changes after an injection of heparin were observed in
strictly fasting normal persons.
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DISCUSSION
Dn. THEODORE CORNBLEET (Chicago, Ill.): These academic studies are
important, I believe, because they help characterize types of lipoproteins in these
processes and how they differ from the normal constellations. They are the pre-.
lude to something practical. Rosenberg carried out similar studies in 1952 and
came to somewhat the same conclusions arrived at by the present group. There
were some minor differences. Similar studies should be carried out on materials
taken from xanthomatous lesions; this might give some insight as to which moie-
ties stay in the macrophages to form the foam cells. It might tell us what heparin
does to change these materials to spring their release. The authors worked only
with the hyperlipemic variety and their results may not be applicable to other
types of xanthomatosis. In our studies with heparin it did not make any difference
whether the disseminate (normocholesteremic) or multiple forms (hypercholes-
teremic) were present. Heparin flattens the lesions of both types alike. We need
to know more about these lipids, what makes them lead to irreversible changes,
and how to prevent or alter the latter.
DR. STEPHEN R0THMAN (Chicago, Ill.): I wish to congratulate the authors on
this fine contribution. I would like to ask how they developed the colors for pro-
teins and for lipids. Also, I would like to know how the shift in fractions under the
influence of heparin are interpreted and what the clinical results were.
Dn. FRANZ S. M. HERBST (in closing): I want to thank Dr. Cornbleet and Dr.
Rothman for their remarks.
In answer to Dr. Cornbleet, I am familiar with the work of Rosenberg (Proc.
Soc. Exper. Biol. & Med., 80: 751, 1952) who like other authors studied the in-
fluence of heparin on alimentary hyperlipemia. However, all these authors did
not observe a pre-albumin component in the electrophoretic pattern of the serum
proteins after the injection of heparin, as we could demonstrate in a previous
paper (J. Clin. Invest., 33: 907, 1954). The overall picture of the effects of heparin
on the electrophoretic pattern of the serum proteins may be formulated as fol-
lows: There are no changes in individuals with normal serum lipids. In some pa-
tients with hypercholesteremic xanthomatosis the beta lipoproteins only show
an increase in their electrophoretic mobility, whereas in all hyperlipemic condi-
tions, regardless of the cause of the lipemia, the alpha lipoproteins and the beta
lipoproteins as well show an increase in their electrophoretic mobility.
The fact that heparin flattens the skin lesions in so-called normocholesteremic
or disseminate type of xanthomatosis, if injected into the lesions, is very interest-
ing. According to our own experiments we know that heparin does not alter nor-
mal lipid levels. It is my opinion that the effect of the locally administered heparin
in the disseminated type of xanthoma, a condition which we consider as a re-
ticulo-endotheliosis, is not due to the action of the heparin-induced clearing
factor, but probably a direct and local effect of heparin.
As regards Dr. Rothman's questions, the colors for proteins in paper electro-
phoresis were developed by a saturated solution of Amidoblack 10 B in a mixture
of methyl alcohol and glacial acetic acid (9:1). The colors for lipids were de-
veloped by a saturated solution of Sudan Black B in 50 per cent ethyl alcohol.
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We believe that the shift in the mobility of the alpha and beta lipoproteins
after the injection of heparin into hyperlipemics is due to binding of fatty acids
by the lipoproteins. It is known that during the action of heparin, or as we should
say more accurately, during the action of the heparin-induced clearing factor,
fatty acids are released from beta lipoproteins with high Sf values. As far as the
clinical results are concerned 5 patients with idiopathic hyperlipemia received
prolonged intensive treatment with heparin (A.M.A. Arch. of Dermat. 71: 150,
1955). All of them showed a decrease or normalization of the elevated serum
lipid values whereas the skin lesions disappeared completely or decreased in
size considerably. So far only one patient with hypercholesteremic xanthomato-
sis received prolonged treatment with heparin. The lipid values of this patient
did not change and the tendon xanthomas remained unchanged.
